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Background Of The Invention 

[001] 1. Field of the Invention. 

[002] This invention relates generally to Satellite Positioning Systems (SATPS) and in 
particular to Multi-Function Satellite Positioning Systems (MSATPS) and related methods. 

[003] 2. Related Art 

[004] SATPS were created using standalone receivers to aid with navigation. SATPS 
receivers have become commonplace and have been connected to a number of different wireless 
devices, such as cellular telephones, Personal Communication System (PCS) receivers, Personal 
Digital Assistants (PDA), and wired devices such as a Personal Computer (PC). 
[005] There has been increased interest in integrating SATPS with cellular telephony 
system since the Federal Communications Commission (FCC) passed regulations requiring that 
cellular telephones to be locatable within 20 feet when an emergency call, such as a "911" call 
(also referred to as Enhanced 91 1 or "E911"), is placed by a given cellular telephone. Such 
position data can assist police, paramedics, and other law enforcement or public service 
personnel, as well as other agencies seeking to determine the position of a particular wireless 
communicator such as a cellular telephone. 
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[006] Previous approaches to SATPS receivers have included general digital signal 
processors (DSPs) that are used to process positioning signals. Such implementations are used 
for stand-alone GPS receivers. One such approach is described in U.S. Patent Number 
5,812,087 issued on September 22, 1998. In that approach, a general purpose programmable 
digital signal chip is used to process signals received from a GPS antenna or a communication 
antenna. The general purpose programmable DSP is dedicated to processing the signals 
received by the two antennas. Similarly, U.S. Patent 5,781,156, issued on July 14, 1998 also 
describes a GPS receiver that has a general purpose programmable DSP. 
[007] Another approach to implementing a SATPS receiver is described in U.S. Patent 
Number 5,945,944 issued on August 31, 1999 and is a continuation-in-part of application No. 
08/842,559. In that patent, a combined GPS receiver that has both a GPS receiver and a 
communication receiver is described as having a DSP that is shared by both a GPS system and 
the communication system, further a microprocessor receives signal data from the digital 
processor. Thus, both a microprocessor and a DSP are required for the combined GPS receiver. 
[008] A general purpose programmable DSP is different from a general purpose processor 
or controller. A digital signal processor is defined in Newton's Telecom Dictionary, 19 th 
Edition, March 2003, as: 

"A digital signal processor is a specialized semiconductor device or 
specialized core in a semiconductor device that processes very 
efficiently and in real time a stream of digital data that is sampled 
from analog signals ranging from voice, audio and video and from 
cellular and wireless to radio and television. As opposed to a 
general-purpose processor, a DSP is often designed to solve specific 
processing problems. A DSP architectures focuses on algorithmic 
efficiency and may use an instruction set that is more or less tailored 
toward the problem the DSP is solving. General purpose 
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processors, on the other hand, may sacrifice algorithmic efficiency 
for general-purpose capability and push clock-speed to achieve 
performance. A DSP typically has much greater mathematical 
computational abilities than a standard microprocessor. In some 
applications, like wireless, PDAs and cell phones, constraints on 
power consumption require performance improvements other than 
faster clock speed. In other applications, like cellular base stations 
and high definition TV, where the number of channels or the high 
data rate require signal processing capabilities an order of 
magnitude greater than general purpose processors, a DSP that uses 
processing parallelism can provide much higher performance much 
more efficiently than even the fastest general-purpose processor. A 
DSP often performs calculations on digitized signals that were 
originally analog (e.g. voice or video) and then sends the results on. 
There are two main advantages of DSPs - first, they have powerful 
mathematical computational abilities, more than normal computer 
microprocessors. DSPs need to have heavy mathematical 
computation skills because manipulating analog signals requires it. 
The second advantage of a DSP lies in the programmability of 
digital microprocessors. Just as digital microprocessors have 
operating systems, so DSPs have their very own operating systems. 
DSPs are used extensively in telecommunications for tasks such as 
echo cancellation, call progress monitoring, voice processing and 
for the compression of voice and video signals as well as new 
telecommunications applications such as wireless LANs and next- 
generation cellular data and cellular internet services. They are also 
used in devices from fetal monitors, to anti-skid brakes, seismic and 
vibration sensing gadgets, super-sensitive hearing aids, multimedia 
presentations and desktop fax machines. DSPs are replacing the 
dedicated chipsets in modems and fax machines with programmable 
modules - which, form one minute to another, can become a fax 
machine, a modem, a teleconferencing device, an answering 
machine, a voice digitizer and device to store voice one a hard disk, 
to a proprietary electronic phone. DSP chips and DSP cores in 
custom chips are already doing for the telecom industry what the 
general purpose microprocessor (e.g. Intel's Pentium) did for the 
personal computer industry. DSP chips are made by Analog 
Devices, AT&T, Motorola, NEC and Texas Instruments, among 
others. DSP cores are made by BOPS, DSP Group, Infineon and 
others." 

Thus, DSPs are different from microprocessors and are tailored for processing specific real time 
data. 
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[009] Known limitation exists in current implementations. For example, an integrated or 
sensor solution results in an impact on the limited processing power of cellular telephone (even 
if a digital signal processor is used, an engine solution results in an increase drain on the power 
of a device. The limited processing power may also result in a longer period for satellite 
acquisitions and a more limited dynamic range. Further, the additional processing requirements 
of a SATPS receiver also may affect the performance of the cellular telephone and other devices 
incorporating SATPS receiver. 

[010] Therefore, there is a need for methods and systems for a SATPS receiver for 
utilization in cellular telephones and other devices that overcomes the disadvantages set forth 
above and others previously experienced. 

Summary 

[011] Systems consistent with the present invention provide a multi-function SATPS 
receiver (MSATPS receiver) that can be selectively switched between different functions, such 
as an engine functionality, a tracker functionality and a sensor functionality. The MSATPS 
receiver has a microprocessor that is capable of processing raw digital RF data, thus eliminating 
the need for a digital signal processor. The MSATPS receiver provides outputs similar to a 
conventional GPS receiver. The different functions of the MSATPS receiver require different 
amounts of processing resources with an associated performance impact. A user may activate 
the sensor function and get the maximum processing power available in the platform or device. 
For example, the sensor function may be activated in the MSATPS receiver upon being powered 
on. The sensor function enables the receiver to reduce the time to acquisition of the GPS 
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satellite signals and/or process weaker GPS satellites signals and hence improve the dynamic 
range of the receiver. Upon acquisition, the MSATPS receiver may switch to a less resource 
intensive function, such as the engine function or tracker function. 

[012] In another implementation, the MSATPS is implemented with a custom digital signal 
processor that processes data in blocks of size other than a multiple of eight enabling more 
efficient processing within a custom DSP. In yet another implementation, a multi-function 
SATPS enabled cellular telephone to switch to a sensor function, upon a cellular telephone 
making an E91 1 call. The full resources of the cellular telephone are used to readily locate the 
position of the cellular telephone. 

[013] Other systems, methods, features and advantages of the invention will be or will 
become apparent to one with skill in the art upon examination of the following figures and 
detailed description. It is intended that all such additional systems, methods, features and 
advantages be included within this description, be within the scope of the invention, and be 
protected by the accompanying claims. 

Brief Description of the Figures 
[014] The components in the figures are not necessarily to scale, emphasis instead being 
placed upon illustrating the principles of the invention. In the figures, like reference numerals 
designate corresponding parts throughout the different views. 

[015] FIG. 1 illustrates a satellite positioning system with a multi-function satellite 
positioning system (MSATPS) receiver. 
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[016] FIG. 2 illustrates a block diagram of a sensor function in the multifunction portion of 
the MSATPS receiver of FIG. 1 . 

[017] FIG. 3 illustrates a block diagram of a sensor function with the GPS RF receiver 
external to the multifunction portion of FIG. 1 . 

[018] FIG. 4 illustrates a block diagram of a sensor function with the RF receiver external 
to the MSATPS receiver and processing occurring within the host of FIG. 1 . 
[019] FIG. 5 illustrates a block diagram of a tracker function in the multifunction portion of 
the MSATPS receiver of FIG. 1. 

[020] FIG. 6 illustrates a block diagram of the exemplar tracker function of FIG. 5 
operating in the MSATPS receiver. 

[021] FIG. 7 illustrates a block diagram of an engine function in the multifunction portion 
of the MSATPS receiver of FIG. 1 

[022] FIG. 8 is a flow diagram of the selection of different functions within the MSATPS 
receiver of FIG. 1. 

Detailed Description 
[023] Turning first to FIG. 1, that figure shows a satellite positioning system (SATPS) 100 
with a multi-function satellite position system (MSATPS) receiver 108. An example of a 
SATPS 100 is the Global Position System (GPS) maintained by the United States Government. 
The SATPS 100 has a plurality of satellites including 102, 104 and 106, and the MSATPS 
receiver 108. The MSATPS receiver 108 may be incorporated into an electrical device such as, 
but not limited to, a cellular telephone, Personal Computer (PC), handheld computer, Personal 
Digital Assistant (PDA), PCS devices, and Bluetooth devices. 
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[024] The MSATPS receiver 108 has a multifunction portion 1 10 and a host portion 112 
that communicate over a communication path 114. The multifunction portion 110 is also 
connected to an antenna 1 16 and is capable of receiving SATPS signals 118, 120 and 122 from 
satellites 102, 104 and 106. The SATPS signals 1 18, 120 and 122 are ranging signals that may 
be spread spectrum signals. In other implementations, a combination of ranging signals may be 
received by the multifunction portion 1 10 from satellites, pesudolites, other wireless devices, or 
a combination of satellites, pesudolites and other wireless transmitters. In yet another 
implementation, the multifunction portion 110 and host portion 1 12 may be implemented in a 
single chip or common RF implementation. 

[025] The satellites that include satellites 102, 104 and 106 are in low earth orbit. At any 
time, only a subset of the all the satellites is visible to a MSATPS receiver 108. Each of the 
visible satellites 102, 104 and 106 transmits a respective spread spectrum signal 118, 120 and 
122. Even though only three satellites 102, 104 and 106 are shown, reception of spread 
spectrum signals from at least four satellites may be required to determine location and altitude 
of a MSATPS receiver 1 08. 

[026] The MSATPS receiver 108 has a number of operating modes that may include 
standby mode, off mode, and an active mode. The active mode has an engine function, tracker 
function, and sensor function. In another implantation fewer or additional functions may be 
present in a MSATPS receiver 108. The different modes and functions may be selectable by the 
user or may be automatically selected upon an occurrence of a predetermined event. 
[027] The MSATPS receiver shows a controller 108 communicating with a host processor. 
In one implementation, a common controller may control both the multifunction portion 1 10 and 
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host portion 112. In yet another implementation, the MSATPS may have at least one function 
that uses a microprocessor instead of a general purpose DSP to process positioning data. An 
example of such a controller is an Intel X-scale microprocessor. Unlike previously known or 
described implementation of SATPS receivers, the current embodiment has a general 
microprocessor that processes the decoded digitized signals rather than a general digital signal 
processor. The general microprocessor is able to run a plurality of applications, an operating 
system, and manage memory. Thus, dedicated memory for use only by a digital signal 
processor or memory locking strategy do not have to be implemented as required by systems 
having both a digital signal processor and a general microprocessor. The use of general 
microprocessor enables more reuse and greater flexibility over a DSP implementation. Further, 
an advantage of using a custom DSP that enables processing of data in block sizes that are not a 
multiple of eight also provides advantages over a general DSP by enabling filters to more 
efficiently process positioning signals. 

[028] Turning to FIG. 2, a block diagram of the MSATPS receiver 108 of FIG. 1 is shown. 
The multifunction portion 110 of the MSATPS receiver 108 has a GPS RF receiver 202, a 
controller 204, Synchronous Dynamic Random Access Memory (SDRAM) 206, flash memory 
208, bus 210, and a logic processing block 212. The GPS RF receiver 202 receives the ranging 
signal (spread spectrum signals in the present implementation) at antenna 116. The controller 
204 communicates with the GPS RF receiver 202 and logic processing block 212. The 
controller also may control the functionality of the multifunction portion 110. The controller 
204 executes a plurality of instructions stored in SDRAM 206 and flash memory 208 and acts on 
the results generated by the logic processing block 212 that processes the received spread 
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spectrum signal. In an alternate implementation, the flash memory 208 may be read-only 
memory or other types of reprogrammable memory. The logic processor 212 may be an analog- 
to-digital converter, match filter, correlators or a combination of the previous digital logic 
devices and other logic devices that aid in the processing of ranging signals, such as GPS spread 
spectrum signals. The controller 204 accesses the SDRAM 206 and flash memory 208 over bus 
210. 

[029] The controller 204 may also communicate with a host portion 1 12 that may have a 
processor or controller. The processor or controller processes the 1 & Q measurements or digital 
RF in a processing portion 1 13 of the host portion 1 12. The host portion 1 12 may communicate 
with the controller 204 to receive I and Q measurements. Or in an alternate embodiment or 
function, the host portion 1 12 may communicate with the GPS RF Receiver 202 and receive 
digital RF data. The processing portion may have a memory with a plurality of instructions that 
the processor or controller execute to process the I & Q measurements. 

[030] The host portion 112 may have a user interface that enables a user to select the 
operating mode and function of the multifunction portion 1 10 or the MSATPS receiver 108 may 
default to an operating mode and function upon an event occurring. The first set of modes of 
operation enables a user to activate, deactive, or place the multifunction portion 110 into a 
standby mode. The default state is for the multifunction portion 1 10 to be active. In another 
implementation, the MSATPS may default to some other state, including a standby state or a 
deactive state. In the active mode, spread spectrum signals are received by the GPS RF receiver 
202 and processed according to the selected function (engine, tracker or sensor). 
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[031] In the deactive mode, the multifunction portion 1 10 is deactivated and not used by 
the MSATPS receiver 108 that incorporates the multifunction portion 110. Since batteries 
power many of the devices that may incorporate the MSATPS receiver 108, it is desirable to 
power down the multifunction portion 110 when location information is not required. The 
default state of operation is preferably in active mode, and the cycling of power in a device with 
a multifunction portion 110 results in the multifunction portion 110 being in the active state. In 
another implementation, the default state after cycling power in the device may result in a state 
other than the active state being selected. 

[032] In the standby mode, the multifunction portion 1 10 is receiving power and a function 
of the active mode is selected. The GPS RF receiver 202 may also receive the spread spectrum 
signals, but no processing of the signals occurs and power consumption is therefore reduced. 
[033] In the active mode, the multifunction portion 1 10 of the MSATPS receiver 108 may 
selectively function as an engine, tracker, or sensor. In Figure 2, the multifunction portion is 
active and functions as a sensor with the controller 204 generating raw pseudo range data, such 
as I and Q measurement samples, for use by the host portion 112. In this configuration, more 
power of the multifunction portion may be used to acquire weaker signals. 
[034] The MSATPS receiver 108 in an active mode may execute a plurality of instructions 
that operates the multifunction portion 1 10 as the sensor function. The sensor function results in 
the multifunction portion 110 receiving spread spectrum signals via antenna 116 at GPS RF 
receiver 202 and the generating raw pseudo range data by the controller 204. The raw pseudo 
range data is then sent to the host portion 1 12 over communication path 1 14. The processing 
power of the host portion 1 12 is then used in conjunction with the controller 204 to compute the 
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latitude, longitude, altitude, time, heading, and velocity. Another advantage of the sensor 
function is the ability to acquire weaker signals (as low as -166 dbm). The sensor function has 
the greatest impact on a device incorporating an MSATPS receiver, but results in the ability to 
acquire weaker satellite signals and more quickly lock on to acquired signals. 
[035] In an example embodiment, the active mode sensor function is entered upon the 
activation of an E91 1 call in a wireless device, such as a cellular telephone. Upon activation of 
the E911, the processing power of the multifunction portion 108 and the host portion 112 are 
used to acquire the satellites spread spectrum signal and retrieve the data contained in the 
satellite spread spectrum signals. When the E91 1 call is complete, then the sensor function may 
be ended and either the engine function or tracker function started. 

[036] Although the memory is depicted in figure 2 as SDRAM 206 or Flash memory 208, 
one skilled in the art will appreciate that all or part of systems and methods consistent with the 
present invention may be stored on or read from other machine-readable media, for example, 
secondary storage devices such as hard disks, floppy disks, and CD-ROMs; a signal received 
from a network; or other forms of ROM or RAM either currently known or later developed. 
Further, although specific components of the MSATPS 108 are described, one skilled in the art 
will appreciate that a positioning system suitable for use with methods, systems, and articles of 
manufacture consistent with the present invention may contain additional or different 
components. For example, the controller 204 may be a microprocessor, microcontroller, 
application specific integrated circuit ("ASIC"), discrete or a combination of other types of 
circuits acting as a central processing unit, a specially designed DSP that processes data in 
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blocks of size other than multiples of eight bit. The memory 206 may be RAM, DRAM, 
EEPROM, or any other type of read/writeable memory. 

[037] In FIG. 3, a block diagram of a sensor function that shows the RF receiver 202 
external to the MSATPS receiver of FIG. 1. The GPS RF receiver 202 receives positions signals 
via antenna 116. Controller 204 processes the received positioning signals when the 
multifunction portion 1 10 is functioning as a sensor. The controller 204 processes the received 
positioning signals and extracts I and Q measurements from the positioning signals. The I & Q 
measurements are transferred via communication path 114 to a host portion 112. The host 
portion 112 further processes the I & Q measurements in a processor portion 1 13 and derives a 
location of the GPS RF receiver 202. 

[038] Turning to FIG. 4, a block diagram of a sensor function with the GPS RF receiver 
202 external to the MSATPS receiver and processing occurring within the host portion 1 12 of 
FIG. 1. The host portion 112 signals to the multifunction portion 110 that the sensor function is 
to be activated via communication path 114. The GPS RF receiver 202 then communicates 
directly with the host portion 112 over communication path 402. The host portion 112 receives 
digital RF from the GPS RF Receiver 202. The host portion 112 may have a controller or 
processor that executes a plurality of instructions in a processor portion 113 that processes the 
received digital RF and determines the location of the GPS RF receiver 202. 
[039] FIGs 2, 3 and 4 all show different configures of a MSATPS receiver operating as a 
sensor. One of the respective sensor functions shown in FIGs 2, 3 and 4 may be implemented as 
a sensor function in the MSATPS receiver 108, or a combination of sensor functions may be 
implemented within the MSATPS receiver 108. The sensor function of FIGs 2, 3 and 4 are 
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sown as different configurations of the same blocks with the blocks being within an integrated 
MSATPS receiver and with some blocks being external, but in communication with the 
multifunction portion 110 and/or the host portion 1 12. 

[040] A block diagram of a tracker function operating in the MSATPS receiver 108 of FIG. 
1 is shown in FIG. 5. The MSATPS receiver 108 receives spread spectrum signals 120 (one 
signal is shown, but in practice three or more spread spectrum signals are typically received) via 
antenna 116. The MSATPS receiver 108 has configured the multifunction portion 110 to 
function as a tracker and processes the data received from the spread spectrum signals every 
100ms. The spread spectrum signals 120 is processed by in multifunction portion 110 and 
passed to the host portion 1 12 as code-phase or pseudorange measurement. The multifunction 
portion 110 executing a tracker function communicates with the host portion 112 over a 
communication path 1 14. 

[041] Turning to figure 6, a block diagram of the exemplar tracker function of FIG. 5 
operating in the MSATPS receiver 108 is shown. The host portion 112 includes a central 
processing unit (CPU) 602, a hardware interface link 604, and a memory 606 and communicates 
with the multifunction portion 110. The CPU 602 may be implemented as a microprocessor, 
embedded controller, application specific integrated circuit (ASIC), discrete logic circuits acting 
as a controller, analog circuits acting as a controller, and a combination of discrete logic and 
analog circuits. The host portion 112 also includes a secondary storage device 608, and a 
display 610. 

[042] An operating system 614 (e.g., Windows CE, Palm OS, UNIX, QNX, or the like) is a 
plurality of instructions that reside and are executed from memory 606. A plurality of user 
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applications 616 communicates with a positioning library 618 and the operating system 614. 
One of the user applications 416 may receive position information from the positioning library, 
and may communicate commands to the positioning library 618. The user application 616 may 
be virtually any program that uses positioning information, including, as examples, an 
automotive navigation program and/or a chart plotter. The advantage of the multifunction 
portion executing a tracker function is a power saving results from less power being required to 
track acquired satellites and less processing cycles are needed to extract the data from the spread 
spectrum signal. 

[043] Turning to FIG. 7, a block diagram of an engine function in the multifunction portion 
1 10 of the MSATPS receiver 108 of FIG. 1 is illustrated. The MSATPS receiver 108 is in an 
active mode and configured by the multifunction portion 1 10 to operate as an engine function. 
The GPS RF receiver 202 receives the ranging signal, such as a GPS spread spectrum signal via 
antenna 116. The controller 204 controls the GPS RF receiver and the logic processing block 
212 process the received signal into data that may be further processed by the controller 204. As 
previously described, the controller is connected by a bus 210 to SDRAM 206 and flash memory 
208. The controller processes the data from the logic processing block 212 and memories 206 
and 208 in order to determine the X, Y and Z location for antennal 1 16. 

[044] When in the active mode with the engine function selected, the multifunction portion 
110 is functioning as a full GPS engine doing tracking and navigation. The multifunction 
portion 1 10 generates an "x" "y" and "z" location coordinates and transmits the data to the host 
portion 112 over communication path 114. The communication path 114 may be a bus on a 
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motherboard, cabled connection, fiber optic data connection, or any other approach that enables 
data transfer within the electronic device. 

[045] In the current implementation, the controller 204 controls what function the 
multifunction portion 1 10 is configured as and monitors for signals from the host portion, such 
as predetermined events or user events. The controller 204 notifies the host portion as to what 
function the multifunction portion 1 10 is configured. An example of a user event is when a user 
pushes a button on a cellular telephone indicating an emergency (E91 1) to the controller 204 that 
results in the controller 204 configuring the multifunction portion with the sensor function. In 
another implementation, the host portion 112 controls what function the multifunction portion 
1 10 is configured as and the controller may only acknowledge that the multifunction portion 110 
is executing a function as instructed by the host portion. In yet another implementation, the host 
portion 112 may control the configuration of the multifunction portion 110, but when a user 
event is detected (E91 1 call on a mobile telephone) the controller is configured in response to a 
single signal received at the controller. Such signal may be an interrupt and associated interrupt 
routine that is received in a manner other than communication path 114. 

[046] In FIG. 8, a flow diagram 800 of the selection of different functions within the 
MSATPS receiver 108 of FIG. 1 is shown. The selection starts 802 when the MSATPS receiver 
108 is powered up or reset. Upon powering up or resetting the MSATPS receiver 108 the active 
mode is entered 804. The flow diagram 800 shows the MSATPS receiver 802 having two 
modes of operation; active mode or inactive mode. In other implementations, the MSATPS may 
have additional modes. 
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[047] The multifunction portion 1 10 defaults to a sensor function when satellites need to be 
acquired or upon power up 806. If the satellites need to be acquired 808, then maximum 
resources of the SATPS receiver 102 are used to acquire the satellites 810. If the satellites had 
been previously acquired and the SATPS receiver 108 has only been reset, then the satellites are 
acquired using ranging data already obtained by the SATPS receiver 108. The controller 204 
identifies the ranging data such as code phases enabling the location of the GPS RF receiver 202 
to be determined. 

[048] An event may occur to change the function 814, for example; a host portion 112 
determining that more resources are required, expiration of an inactivity timer, reception of an 
external signal initiated by a user (sleep or power saving mode), the controller 204 having 
determined a location of the GPS RF receiver 202. Otherwise, the location of the GPS RF 
receiver is periodically updated 812. If an event to change the function 814 has occurred, then a 
determination is made as to if a tracker function has been requested 816. 

[049] If the tracker function is started 816, then the resources of the function portion 110 
are reconfigured for tracking the previously acquired satellites 818. The controller 204 then 
generates code phase or pseudorange data 820 that is further processed by the host 1 12. A check 
is made for an E91 1 call or similar emergency indicator being entered by the user or initiated by 
some other external means 822. If E991 is activated 822, then the sensor function is activated 
and a determination is made if satellites need to be acquired 808. Otherwise, a check is made to 
determine if an event other than E911 has occurred requiring a change of function 824. If an 
event (either user event or predetermined event such as a predetermined battery power level) has 
occurred requiring a change of function from the tracker function to either the sensor function or 
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the engine function 824, then a determination if the sensor function should be executed 806. If a 
function change is not required 824, then updated code-phase or pseudorange data is generated 
820. 

[050] If the sensor function is not required and the tracker function is not required, a check 
is made to determine if the engine function is to be configured and executed 826. If so, the 
multifunction portion 110 is configured as an engine function 828. The engine function then 
process the received ranging signal and provides resulting navigation data 830. A check is made 
to determine if an E91 1 event has occurred 832. If E91 1 is activated 832, than the multifunction 
portion is configured to function as a sensor and a determination is made if the satellites are 
acquired 810. If no E91 1 event has occurred 832, then a check is made if an event has occurred 
that requires a change from the engine function 834. If an event has occurred that requires the 
engine function to change 834, then a determination is made if the sensor mode should be 
entered 806. Otherwise, the navigation data is generated again 830. 

[051] If the engine function is not selected 826, then the previous function is not changed. 
Even though the flow diagram is shown stopping 836, in practice the flow may continue as long 
as the MSATPS receiver 108 receives power. In an alternate embodiment, a mode change may 
result (i.e. a sleep mode may be entered). In yet another implementation, the function to be 
executed may occur within one decision block rather than across three decision blocks as shown 
in FIG. 8. 

[052] Although aspects of the present invention are depicted as being stored in memory 
406, one skilled in the art will appreciate that all or part of systems and methods consistent with 
the present invention may be stored on or read from other machine-readable media, for example, 
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secondary storage devices such as hard disks, floppy disks, and CD-ROMs; a signal received 
from a network; or other forms of ROM or RAM either currently known or later developed. 
[053] The foregoing description of an implementation has been presented for purposes of 
illustration and description. It is not exhaustive and does not limit the claimed inventions to the 
precise form disclosed. Modifications and variations are possible in light of the above 
description or may be acquired from practicing the invention. For example, the described 
implementation includes software but the invention may be implemented as a combination of 
hardware and software or in hardware alone. Note also that the implementation may vary 
between systems. The claims and their equivalents define the scope of the invention. 
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